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Diagnostic workup revealed the neuroradiologic findings classically described with cerebral fat
emboli. The authors present hallmark ultrasound imaging of echogenic material actively trav-
eling through the inferior vena cava.
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Fat embolism syndrome (FES) remains a rare and life-
threatening clinical diagnosis that has been reported in
0.5e3.5% of cases of traumatic long-bone fractures [1], one
of the leading causes of fat emboli, with cerebralno conflicts of interest to
ng, Department of Urology
300 Pasteur Drive, Stanford,
edu (N.N. Wang).
.08.006
C and the Chinese Taipei Society
commons.org/licenses/by-nc-nd/involvement even more uncommon at reported rates of
0.9e2.2% [2]. Although it is rare, it has a high morbidity and
mortality burden. FES was first described by pathologist
Friedrich Albert von Zenker in 1862 and first diagnosed clin-
ically by Ernst von Bergmann in 1873. There are two theories
behind its pathophysiology: (1) a mechanical theory that fat
lobules are showered into torn venules, which then trigger an
inflammatory response [3]; and (2) a biochemical theory that
embolized fat is broken down to free fatty acids and other
acute phase reactants, which then circulate in the blood to
cause symptoms [4].
FES is a clinical triad of hypoxia, neurological symptoms,
and petechial hemorrhage that can manifest anywhere be-
tween 12 hours and 72 hours after the initiating traumaticof Ultrasound in Medicine. This is an open access article under the
4.0/).
Cerebral Fat Embolism in Trauma 163event [5]. However, high-resolution computed tomography
(CT) imaging [6] and diffusion-weighted magnetic resonance
imaging (MRI) have been used to evaluate cerebral fat
embolic events as symptoms can be variable in presentation
and severity. The classic MRI associated with cerebral fat
embolism shows scattered hypoechoic enhancements also
known as a starry-night image (Figure 1). Although some
studies argue that diffusion-weightedMRI images can be used
as a tool in the acute phase [7], these images all capture the
brain after the emboli have already lodged. Cerebral
involvement is highly variable in FES and is often believed to
occur in patients with a right-to-left cardiac shunt, but has
been reported to occur in patients without a shunt [8]. WeFigure 1 Brain magnetic resonance T2 diffusion-weighted im-
aging showsmultifocal infarcts in bilateral cerebral hemispheres.
The diffuse distribution is consistent with an embolic shower
pattern and demonstrates the classic starry night appearance.present a case report of FES following traumawith significant
cerebral involvement in a patient without any signs of right-
to-left cardiac shunt. We also present rare captured imag-
ing of echogenic emboli traveling through the inferior vena
cava (IVC).Case Report
The patient was a 34-year-old male pedestrian who was hit
by a car with no loss of consciousness or head injury, but
sustained multiple long bone fractures including a right
subtrochanteric femur fracture and bilateral fibular frac-
tures (Figure 2). On presentation to the emergency
department, he was hemodynamically stable, afebrile and
had Glasgow Coma Scale (GCS) of 15. His right leg was
placed in sager traction within half an hour of arriving, and
both legs were splinted within 2 hours. The patient was
transferred to a monitor bed with operative repair planned
for the following morning.
Later that evening, the patient developed altered
mental status, with a GCS of 10. He became hypertensive
and tachycardic with a lactic acid level of 3.5mM (2.4mM on
admission). CT of the head was ordered, but he became
rigid, obtunded, and hypoxemic in the scanner (O2 satura-
tion down to mid-80%). He was given a loading dose of
Keppra 1,000 mg IV (Mylan Pharmaceuticals, Rockford, IL)
due to concern for seizure and he was intubated due to
hypoxemia and declining GCS. CT imaging of the head,
cervical spine, chest with arterial contrast, abdomen, and
pelvis were all completed and were negative for any acute
processes including pulmonary emboli. Bedside echo per-
formed by cardiology was negative and the neurology ser-
vice initiated continuous electroencephalography (EEG)
monitoring to assess for possible seizure activity. He was
transferred to the surgical intensive care unit for mechan-
ical ventilation and hemodynamic monitoring.
While in the surgical intensive care unit, the patient’s
mental status continued to deteriorate with EEG tracing
showing minimal, low-voltage cortical activity while not
sedated. He also became febrile to 38.7C, thrombocyto-
penic (platelets 65  109/L from 221  109/L) and had posi-
tive testing for diffuse intravascular coagulation (D-Dimer
12,691 ng/ml, Fibrinogen 193 mg/dL, Prothombin Time (PT)
21.5 seconds, INR 2, partial thromboplastin time 34.5 sec-
onds, prothrombin time 16.1 seconds). Based on his mecha-
nism of injury and evidence of right ventricular cardiac
dysfunction seen on bedside echocardiography, the patient
was believed to have suffered from cerebral fat emboli and
FES. MRI confirmed this diagnosis by demonstrating
enumerable multifoci of restricted diffusion and flair
hyperintensity throughout the peripheral border-zones in
bilateral cerebral (Figure 1) and cerebellar hemispheres on
the diffusion weighted imaging. The patient did not exhibit
any symptoms of pulmonary embolism and CT was negative
for pulmonary emboli. A formal echocardiogram was per-
formedwith a bubble test to assess for patent foramen ovale
or arteriovenous (AV) shunt and the ultrasound imaging was
notable for actually capturing many small opaque fat emboli
floating through the IVC (Figure 3) (Video 1).
On Hospital Day 3 (HD 3), the patient underwent open
reduction and internal fixation with plate fixation of the
Figure 2 Subtrochanteric fracture.
164 N.N. Wang et al.subtrochanter femur fracture and fixation of bilateral fibula
fractures. Postoperatively, the patient’s neurological status
showed small improvements. Transient brain ischemia so-
dium goals were met and the patient was started on seizure
prophylaxis and agitation management. He had monitoring
with transcranial Doppler ultrasound in the week following
the embolic event to evaluate for any subclinical seizures
and ongoing embolic events. Transcranial Doppler ultra-
sound monitoring revealed two additional embolic events
based on pulsatility index of velocities documented on HD 6
(Postoperative Day 4). Repeat head CT was unchanged.
The patient slowly developed spontaneous eye opening,
gag, and corneal reflexes, improved cough, and flexion of
upper arms to pain. The patient remained in the intensive
care unit for 13 days, during which he had acute respiratory
insufficiency and ventilator-associated pneumonia requiring
tracheostomy, gastrostomy tube placement, and antibiotic
treatment. Thepatient spent a total of 23days in thehospital
before being discharged with a tracheostomy in place, eyes
opening at baseline, withdrawing all four extremities from
pain, and localizing to pain with his left upper extremity.Discussion
Diffusion-weighted MRI has been increasingly used to help
support the diagnosis of FES with brain involvement [9].
There are several patterns that have been strongly associ-
ated with FES including the starry night or starfield
pattern, as shown in our case report. The classic starry
night imaging is due to multifocal hyperintense lesions that
appear in bilateral border-zones at multiple levels. This
indiscriminant diffuse scattering in bilateral hemispheres of
high volume material with a preference for watershed
areas is most consistent with an embolic event [9]. The
source of the emboli and embolic material, however, is not
discernable on MRI and depends on clinical correlation andassociated trauma. Aside from fat emboli, other differen-
tial diagnoses include acute infarct and ischemia and some
vasculitis. However, these processes tend to present with
lower lesion volume and generally have notable non-
neurologic pathology as well.
The second most common imaging pattern seen in as-
sociation with FES is symmetric, bilateral white matter
edema, best seen on restricted diffusion imaging. Some of
the lesions may appear hyperintense but these lesions are
more confluent compared to the starry night type. This
imaging can also be seen in hypertensive encephalopathy,
posterior reversible encephalopathy syndrome, and diffuse
axonal injury. Both forms of encephalopathy involve just
the white matter and the lesions are generally not as
diffuse as in embolic cases. In comparison, diffuse axonal
injury lesions appear in the grayewhite matter border
zones and strongly favor frontotemporal lobes. Again,
clinical correlation in these cases can often discern be-
tween likely diagnoses especially as FES is most commonly
seen in the setting of trauma with long-bone fractures.
Although MRI is a valuable compliment in diagnosing a
syndrome with varied clinical presentations, it can still be
nonspecific in subtle cases where the images may have
been taken in the subacute phase or when the embolic
burden itself is small. It is rare to actually capture imaging
of fat emboli flowing through vessels. In this report, we
include a hallmark ultrasound imaging that captures a
shower of hypoechogenic particles actually flowing through
the IVC in real time in a patient who suffered from multiple
cerebral fat embolic events. Although this ultrasound im-
aging is harder to capture than downstream MRI or CT, the
diagnostic value is significant. Ultrasound imaging is more
accessible, cheaper, and has no radiation side effects when
compared to MRI and CT. If used consistently in clinical
cases where there is high suspicion of fat emboli, it can
capture the diagnosis in the early phase, perhaps even
before there are significant cerebral symptoms.
Figure 3 Ultrasound frame image of fat emboli in inferior vena cava measuring approximately 0.5 cm on captured video imaging.
Cerebral Fat Embolism in Trauma 165Supplementary video related to this article can be found
at http://dx.doi.org/10.1016/j.jmu.2016.08.006.
In conclusion, cerebral involvement in FES can manifest
in many different ways, and sometimes not until days after
the traumatic event. Given the nonspecific presentation
and potential lethality of a cerebral fat embolic event,
identifying diagnostic tools that can be used to expedite
and strengthen diagnosis is very valuable. We demonstrate
in this case study that bedside ultrasound can be used to
capture hypoechogenic embolic material flowing in the IVC.
In the correct clinical setting, such as long-bone fractures
and trauma, this can allow for earlier diagnosis and may
curtail the morbidity and mortality associated with delayed
management of cerebral FES.References
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